Background/Aims: The purpose of this study was to examine the clinical presentations and pathological features of spontaneously necrotic choroidal melanomas. Methods: The clinical and histological features of patients who underwent enucleation for uveal melanoma from 1989 to 2012 at Emory University and were found to have spontaneously necrotic choroidal melanomas were retrospectively analyzed. Results: A total of 6 cases were identified. All cases had 90-100% tumor necrosis and also exhibited marked ischemic necrosis of the iris and ciliary body; 5 of 6 cases exhibited marked ischemic necrosis of the retina. The tumor consisted of melanoma ghost cells often surrounded by a zone of pigmented macrophages. Thrombi were not found in any of the cases. All of the tumors in our cases were centered around the equatorial choroid and 2 extended into the ciliary body. One of the cases exhibited a wedge-shaped infarct in a lateral aspect of the tumor. In most of the cases, microscopic areas of intact tumor cells were present in the peripheries of the tumors. Conclusions: Spontaneous necrosis may occur in uveal melanoma. We believe that this occurs secondary to tumor hypoxia in the center of the tumor, followed by secondary inflammation, generalized ischemia and finally complete tumor necrosis.
Introduction
Uveal melanomas can present on the iris, ciliary body, or choroid. Even in the presence of an extraocular extension, patients usually do not complain of pain unless there is ischemic necrosis in the tumor [1] . Previous studies have shown a range of presentations associated with necrotic uveal melanomas. In a study of 474 malignant melanomas, patients with necrotic tumors were more likely to present with glaucoma, inflammatory exophthalmos, rubeosis iridis, secondary angle-closure glaucoma, and inflammation of the uvea, sclera, and episclera compared to those without tumor necrosis [2] . Another study of 334 ciliary body and choroidal tumors showed that patients with necrotic tumors were more likely to present with episcleritis or scleritis than those without tumor necrosis [3] . Other studies have shown that patients with necrotic uveal melanomas may present with conjunctivitis, orbital inflammation [4] , pain, and hyphema [5] . Individual case studies of spontaneously necrotic uveal melanomas have reported periorbital swelling and inflammation [6] , vitreous hemorrhage, raised intraocular pressure [5] , and occasionally uveal effusion [1] , ophthalmoplegia, and proptosis [6] . In order to further understand the pathogenesis of spontaneous necrosis in uveal melanomas, we retrospectively reviewed patients who underwent enucleation for uveal melanomas and were found to have spontaneous tumor necrosis.
Methods
After obtaining approval from the Emory University's Institutional Review Board, we retrospectively reviewed all cases of enucleated eyes accessioned in the L.F. Montgomery Ophthalmic Pathology Laboratory between 1989 and 2012 that exhibited spontaneous tumor necrosis. Exclusion criteria included any treatment of the tumor prior to enucleation and necrosis occupying <90% of the tumor volume. The patients' eyes were fixed in 4% formaldehyde and routinely processed, and 10 sections through the center of the pupil, optic nerve and melanoma were stained with HE and periodic acid-Schiff. A total of 6 cases were identified and analyzed for age, sex, left/right eye, clinical presentation, location of tumor, degree of necrosis, pattern of necrosis, and associated histological findings. 
Results
Our results are summarized in table 1 . Our patients had a mean age of 53 years, and there were 2 female and 4 male patients. Three melanomas were located in the left eye and 3 in the right eye. All patients in our study presented with pain, vitreous hemorrhage, overlying retinal detachment, and poor vision. All 6 patients had raised intraocular pressures up to including 60 mm Hg and 5 suffered from sudden blindness in the involved eye. On examination, all 6 patients had what was thought to be scleritis, 5 exhibited what was interpreted to be episcleritis, and 4 had evidence of glaucomatous damage to the retina. One case exhibited extraocular extension to the conjunctiva and another case exhibited vortex vein invasion.
Representative pathological findings in cases 1 and 2 are show in figures 1 and 2 , respectively. In all cases, tumor necrosis was ≥ 90%, and the necrotic tissue was often associated with a zone of pigmented macrophages. All cases contained ghost melanoma cells, and in most of the cases erythrocytes were admixed with the tumor. All of these cases exhibited the concomitant findings of ischemic necrosis in both the iris and ciliary body. In 5 cases, there was also necrosis of the retina, while the remaining case showed mild ischemia to the retina. We did not find vasculitis or marked inflammation of the tumor in any of the cases, although there was inflammation including perivasculitis in the episclera. We did not find thrombi in any long posterior ciliary artery, short posterior ciliary artery or the major circle of the iris in any of the cases.
Discussion
The 6 patients with spontaneously necrotic uveal melanomas in our study exhibited similar clinical presentations to those in previous studies [1] [2] [3] [4] [5] [6] . All of them presented with pain as a common clinical finding in addition to acute changes in vision, inflammation of the sclera and episclera [7] , and raised intraocular pressure. All tumors exhibited ≥ 90% tumor necrosis, and all of our 6 cases exhibited marked ischemic necrosis of the iris and ciliary body with 5 of 6 cases showing marked retinal ischemia. The mechanisms of necrosis of melanomas and ocular structures as well as orbital inflammation as a consequence of necrosis are not fully understood. Brannan et al. [4] discussed 2 potential mechanisms of infarction with associated ocular necrosis. In the first mechanism, the tumor mass in the posterior segment raises the intraocular pressure, leading to an acute angle closure, vascular compromise, and ischemia of the ocular contents. In the second mechanism, tumor necrosis, triggered by an unknown mechanism, leads to the release of cytotoxic products. These irritants can lead to vasculitis of intraocular vessels and consequently to infarction, swelling, and cellulitis of ocular and extraocular tissues. Vasculitis in the anterior ciliary arteries, central retinal artery, and choriocapillaries supported Brannan et al.'s hypothesis. Vasculitis provides a potential explanation for the infarction of both the anterior and posterior choroid, which typically avoid vascular compromise due to vessel anastomoses [4] .
Evidence also exists for the aggravation of the inflammatory response from tumor necrosis due to cytotoxic agents released from dying melanocytes. In a study by Reese et al. [8] , 2 types of necroses were observed in 22 cases of necrotic uveal melanoma. In the cellular necrosis cases, plasma cells and lymphocytes were seen in the inflammatory infiltrate in the eye along with dispersed free melanin in the tumor, retina, vitreous, and choroid. In the coagulative (ischemic) necrosis cases, there was evidence of cellular necrosis and an additional vascular insult. These findings supported Reese et al.'s hypothesis that chronic inflammatory events occur alongside necrosis and that sudden infarction then leads to acute pain. These cases also had clear zones of lymphocytes, demarcating the viable and necrotic tissue. The tumor cells were postulated to provoke a T-cell and B-cell response, with the T cells injuring the vessel endothelium and leading to thrombosis, infarction, and necrosis [8] . In both Brannan et al.'s [4] and Reese et al.'s [8] work, the idea was that either inflammation or secondary glaucoma occurred first, followed by ischemic necrosis of the tumor.
The potential for vascular compromise occurring first and initiating necrosis has not been given much attention in this process. Wolter [9] discussed vascular occlusion initiating necrotic events in choroidal melanomas and ocular tissues. Some uveal melanomas may be predisposed to necrosis due to fast growth, which is not sufficiently supported by their established vascular supply. In Wolter's case, the iris, ciliary body, and choroidal necrosis were initiated by vascular occlusion of the long posterior ciliary artery, which was due to giant cell arteritis. While blood was present in the vessel lumen in the area of inflammation around the necrosis, there was only exudate in the lumen in the sclera and choroid at the tumor location [9] .
Patterns of tumor infarction can inform us of the source of the vascular insult. Watershed infarction of a choroidal tumor requires vascular compromise from both the anterior and posterior circulation of the eye ( fig. 3 ) . We believe that complete infarction of the tumors that were examined in our study likely progressed from watershed infarctions that spread to include the entire tumors as ischemia continued. These infarction processes can be better understood by reviewing the vascular supply to the eye. The short and long posterior ciliary arteries, which are branches of the ophthalmic artery, are responsible for supplying the choroid as well as the iris and ciliary body, respectively. The latter occurs via anastomosis at the ciliary plexus with the anterior ciliary artery. The anterior ciliary artery branches from the lacrimal artery, which is a continuation of the ophthalmic artery after the long posterior ciliary has separated, and forms a vascular network in the iris and ciliary body.
All of the tumors in our cases were centered around the equatorial choroid, with 2 extending into the ciliary body. The senior author (H.E.G.) has occasionally observed wedgeshaped areas of spontaneous infarctions in the centers of choroidal melanomas that straddle the equator, which supports the concept of spontaneous watershed infarction ( fig. 3 ) . One of our cases (case 2) exhibited a wedge-shaped infarct in a lateral aspect of the tumor. In the remaining cases, the lateral aspect of the tumors was either not sectioned or completely necrotic. If tumor cells were intact in any of our cases, this occurred at the periphery of the tumor, thus supporting the concept of watershed ischemic necrosis in the center of the tumor with outward expansion of ischemic necrosis. We believe that this is due to hypoxia within the center of the tumor from the tumor outgrowing its blood supply, leading to ischemic necrosis with a release of cytokines, followed by some inflammation in the surrounding tissues including perivascular inflammation in the episclera. This is supported by a lack of thrombi in the long posterior ciliary arteries, short posterior ciliary arteries, and the major circle of the iris. There may be associated necrosis of the iris, ciliary body, and retina due to inflammation and ischemia. We hypothesize that the center of the tumor outgrows its blood supply in the watershed area, and ischemic necrosis of the tumor results in the release of cytokines and tumor swelling with further necrosis, anterior displacement of the lens iris diaphragm, and secondary glaucoma. This resultant increased intraocular pressure potentiates further tumor necrosis with associated necrosis of the iris and ciliary body.
In summary, virtually complete tumor necrosis can occur spontaneously in some cases of choroidal melanoma. We believe that this the result of hypoxia in the center of the tumor due to the tumor outgrowing its blood supply centrally in the watershed area, and later complete tumor necrosis. Inflammation and angle-closure glaucoma appear to occur as secondary changes. Raised intraocular pressure potentiates this process. These patients present with pain, inflammatory signs and symptoms, and usually require enucleation.
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